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Summary
Objective
To investigate the association between eating traits (e.g. dietary restraint or opportunistic
eating) and weight – both cross-sectionally and longitudinally – and whether physical
activity (PA) moderates these associations.
Methods
Two-hundred seventy young adults (21–35 years; BMI: 25.40 kg/m2 [SD= 3.90 kg/m2];
48.90% female) participated in this 12-month observational cohort study. Cognitive
Restraint (CR), Disinhibition (DI) and Hunger (HU) were measured using the Three-
Factor Eating Questionnaire at baseline and 12months. Participants were measured at
quarterly intervals for objectively measured PA and anthropometrics. Cross-sectional
and longitudinal models determined if eating traits were associated with weight or weight
change, and whether these associations were moderated by PA.
Results
At baseline, higher CR (B = 0.429, p< 0.01) and DI (B = 0.942, p< 0.01) were associated
with higher weight. The associations of DI (B =0.008 p = 0.02) and HU (B =0.006,
p = 0.04) with weight were moderated by PA at baseline. The longitudinal model for CR
determined PA altered the relationship between change in CR and weight change
(B = 0.004, p< 0.01).
Conclusions
Eating traits and PA are associated with weight and weight change. However, to
elucidate how PA and eating traits directly affect weight changes, future weight loss
interventions should investigate whether improving eating traits and concomitantly
increasing PA amplify weight loss.
Keywords: Eating behaviours, epidemiology, physical activity, weight.
Introduction
More than two thirds of US adults are living with
overweight or obesity, and this number is expected
to grow within the next 20 years (1). Thus, weight main-
tenance (i.e. preventing weight gain >2 kg per year in
adults) is an important goal for obesity prevention (2).
However, the factors regulating body weight are unclear,
and better understanding the interactions between
psycho-social risk factors for excess weight gain and
actual energy balance behaviours (e.g. physical activity
[PA]) is an important step towards reducing obesity
prevalence.
Increasing evidence suggests that psycho-social
eating traits are strong predictors of adult weight gain
(3–5). Three well-established eating traits are cognitive
restraint (CR), disinhibition (DI) and hunger (HU) (6).
Conceptually, CR refers to behavioural and cognitive
strategies used to control body weight; DI reflects a
tendency towards overeating and eating opportunistically
in an obesogenic environment, and HU is concerned with
the extent to which craving for food is perceived and
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potentially evokes food intake (7,8). The relationships
between each of these traits and body weight, however,
are complex and not fully understood (9). For example,
short-term increases in CR may help with inducing weight
loss and preventing weight gain, but successions of
restrained eating may lead to a vulnerability for weight
cycling because of increases in food efficiency (10,11).
In addition, cross-sectional and prospective designs have
found conflicting results regarding the association
between CR and weight (12–15). Only DI has consistently
been associated with increases in body weight – in
contrast to the inconsistent findings for CR and HU
(13,16). Such inconsistent findings regarding eating traits
may be limiting the usefulness of these eating traits in
clinical practice as a potential weight loss intervention
tool. Thus, an important analysis is to directly compare
cross-sectional associations to longitudinal associations
within a single and reasonably sized sample of adults.
Such an analysis will help determine whether the relation-
ships seen cross-sectionally are also consistent longitu-
dinally, thus providing stronger evidence for an
association between eating traits and weight.
There is also limited knowledge about how eating traits
interact with weight management behaviours – such as
PA – to predict changes in weight. Preliminary evidence
suggests that eating traits are independently associated
with body weight and PA (17); however, these findings
are predominantly based on studies with self-reported
PA, which has sizable measurement error (18,19). There
is an overwhelming body of literature demonstrating that
regular PA aids in optimal body weight control (20), and
evidence suggests that this may occur through a combi-
nation of (i) improved sensitivity to physiological feelings
of satiety; (ii) adjusting food preferences; and (iii) altering
the hedonic response to food (21,22). Improving the
current understanding of how PA influences the relation-
ship between eating traits and weight may thus provide
valuable information for future weight loss intervention
strategies (i.e. combining behaviour modification of eating
traits and PA).
The purpose of this study was therefore to determine
the association between eating traits and weight – both
cross-sectionally and longitudinally – and whether these
associations were moderated by PA. It was hypothesized
that (i) CR and DI would be associated with both weight
and weight change; and (ii) the association of CR and DI
with weight and weight change would be moderated by
PA.
Methods
This was an observational cohort sub-analysis from the
Energy Balance Study which was designed to examine
potential contributing aspects of weight change in young
adults (23). Briefly, the Energy Balance Study is a 3-year
observational study of 430 healthy young adults to
identify determinants of weight changes. Measurements
of energy intake and multiple objective measures of
energy expenditure, as well as other physiological,
anthropomorphic and psychosocial measurements, were
made quarterly. Resting metabolic rate and blood chem-
istry were measured at baseline, 6 and 12months (24).
Eating traits were measured at baseline and 12-month
follow-up. This study was approved by the University of
South Carolina Institutional Review Board, and detailed
descriptions of the study protocol can be found
elsewhere (24).
Participants
In this open cohort study, participants were 21–35 years
of age. Participants were required to: (i) have no plans
to move from the area within the next 15months; (ii) not
have used medications to lose weight; (iii) not have
changed smoking status in the previous 6months; and
(iv) not have planned weight loss surgery. In addition,
participants were also excluded for: exceedingly high
blood pressure (>150/90mmHg), glucose >145mg/dl,
diagnosis with a major chronic health condition, having
been pregnant or given birth in the previous 12months
or any other reason which might influence body weight
status (e.g. use of selective serotonin reuptake
inhibitors).
For the analyses in this manuscript, participants were
included if they: (i) completed eating trait questionnaires
at both baseline and 12-month follow-up; and (ii) provided
≥3 time points of PA and anthropometric data – including
baseline and 12-month follow-up. Thus, of the 430 partic-
ipants at study entry, the final sample consisted of 270
males and females (males: N=138; females: N=132).
Measures
Demographic information regarding personal health,
health habits, educational attainment, race and socioeco-
nomic status were assessed via questionnaires at base-
line. Psychometric information – including eating traits –
was assessed at baseline and 12months. Measurements
of anthropometrics and PA were taken at baseline and
then at quarterly intervals.
Eating traits
Eating traits were assessed via the Three-Factor Eating
Questionnaire at baseline and 12-month follow-up. The
Three-Factor Eating Questionnaire is a reliable and
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validated questionnaire containing 51 items which cover
three domains of human eating: (i) CR (α=0.90; r= .20);
(ii) DI (α=0.87; r=0.53) and (iii) HU (α=0.82; r=0.21) (6).
The 21-item domain CR is characterized by a permanent
cognitive control of food intake in order to maintain or to
reduce body weight. The 16-item DI domain describes a
loss of control in food intake by various external or inter-
nal circumstances such as socially or emotionally
triggered eating. The HU domain includes 14-items which
describe the exceeding sense of food craving.
All Three-Factor Eating Questionnaire items were
coded with either 0 or 1 point, leading to maximum sum
scores of 21 points for the domain of CR, 16 points for
DI and 14 points for HU. Higher scores for a given trait
indicate stronger characteristic values of the eating trait.
Anthropometrics
Participants’ height and weight were measured while
wearing surgical scrubs and in bare feet. Height and
weight were calculated from the average of three trials
using a wall-mounted stadiometer (Model S100, Ayrton
Corp., Prior Lake, MN, USA) and electronic scale
(Healthometer® model 500KL, McCook, IL, USA), and
recorded to the nearest 0.1 cm and 0.1 kg, respectively.
Physical activity
Time spent in PA was measured using the SenseWear
Mini Armband (Body Media, Pittsburgh, PA, USA), a valid
and reliable measure of PA (25). Descriptions of the
device and procedures used to track PA can be found
elsewhere (24). Briefly, this portable, multi-sensor device,
worn on the upper arm, incorporates tri-axial
accelerometry, heat flux, galvanic skin response, skin
temperature and near-body ambient temperature. Partic-
ipants were monitored for 10days of measurement and
were instructed to only remove the monitor when it might
get wet. These measures were entered in combination
with demographic information into an algorithm to
activity. Compliance criteria for adequate wear time were
set at 7 days, with at least 23 h of daily wear time. Time
spent in PA was classified as all activity ≥3.0 metabolic
equivalents (METs).
Statistical analyses
Descriptive characteristics of the study sample are
reported as mean (SD), or percentage. Associations
between eating traits were determined using Pearson
bivariate correlation analysis. For participants to be
included in the analyses, a minimum of three measure-
ment time points of anthropometrics and PA – including
baseline and 12-months follow-up – was required. Partic-
ipants included in the analyses also had baseline and 12-
month follow-up Three-Factor Eating Questionnaire
scores. From the 430 participants at study entry, those
retained and those excluded from the analyses were
compared in order to assess potential selection bias.
Cross-sectional analyses involved linear-regression via
SPSS 22.0 using separate models for each of the three
eating traits (i.e. CR, DI and HU). These determined
whether baseline weight was associated with higher
scores for each eating trait while controlling for sex, race,
education and income. In order to determine if PA moder-
ated the relationship between eating traits and weight,
average time spent in PA was included along with an
interaction term of eating trait × PA. Significant interac-
tions were decomposed using model-based estimates
of simple slopes, in which the relation between eating
traits on change in the dependent variable was estimated
separately for participants with high PA (+1 SD above
mean PA), low PA (1 SD below the mean PA), high eat-
ing trait score (+1 SD above mean eating trait score) and
low eating trait score (1 SD below the mean eating trait
score). Beta estimates, confidence intervals and p values
are presented. To illustrate significant interactions, pre-
dicted baseline weight for participants with PA and eating
trait scores above/below 1 SD of the mean were plotted.
For longitudinal analyses, individual slope scores for
weight change over 12months (i.e. weight slope) (26)
and PA change over 12months (i.e. PA slope) were com-
puted using up to five quarterly assessments. Linear
regression models were calculated to examine if changes
in PA slope moderated the relationship between change
in eating traits and weight slope. A separate model was
constructed for CR, DI and HU, wherein weight slope
was regressed on the change score for each eating trait
(i.e. Δeating trait). Each model included the main effects
of Δeating trait over 12months, PA slope over 12months
and the interaction of the two terms (i.e. Δeating trait × PA
slope). The models also included baseline weight,
baseline PA and baseline eating trait score as covariates
of interest to control for baseline scores. Sex, race,
education and income were also included in the models
as covariates. Significant interactions were decomposed
using model-based estimates of simple slopes, in which
the relation between eating traits on change in the depen-
dent variable was estimated separately for participants
with high PA (+1 SD above mean PA change), low PA
(1 SD below the mean PA change), high Δeating trait
(+1 SD above mean Δeating trait) and low Δeating trait
(1 SD below the mean Δeating trait). Beta estimates,
confidence intervals and p values are presented. To
illustrate significant interactions from the previously
described linear regression models, predicted 12-month
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weight change for participants with PA and eating trait
changes above/below 1 SD of mean change were plotted.
In seeking the most secure explanation for the findings,
separate analyses for each of the cross-sectional and
longitudinal models were run – adjusted for body fat
percentage within each eating trait score (27). However,
the results of these analyses were not substantially differ-
ent and did not change the interpretation of the data, and
are therefore not presented.
Results
Preliminary analyses
Participant characteristics are described in Table 1. Of the
430 participants at baseline, the study sample consisted
of 270 participants with sufficient data. In comparison to
those excluded, the participants included in this analysis
were more likely to be Caucasian (χ2 = 6.45, p=0.04)
and had significantly lower baseline HU scores
(t=2.34, p=0.02). Participants with complete data did
not differ from participants with incomplete data for other
measured eating traits, PA or body composition.
Mean age was 27.83 years (SD=3.70 years) and
48.90% were female. The average BMI was 25.40 kg/m2
(SD=3.89 kg/m2), and participants engaged in an average
of 131.50min/day of PA (SD=78.09min/day). For eating
trait scores, participants scored an average CR of 10.43
(SD=4.78), 4.94 (SD=2.81) for DI and 4.79 (SD=3.05)
for HU. In addition, baseline DI score was significantly
associated with both CR (r=0.221, p< 0.01) and HU
(r=0.465, p<0.01); however, there was no relationship
between CR and HU (r=0.021, p=0.67).
Means and number of observations for repeatedly
measured outcome variables are reported in Table 2.
After 12months, participant weight increased by an aver-
age of 1.24 kg (SD=3.83 kg) and PA decreased by an
average of 4.93min/day (SD=50.82min/day). Following
12-month observation, mean CR, DI and HU scores
decreased by 0.53 (SD=3.36), 0.21 (SD=1.86) and 0.29
(SD=2.29), respectively. Participant weight (t=5.32,
p< 0.01), CR (t=2.59, p=0.01) and HU (t=2.05,
p=0.04) all changed significantly from baseline, and there
was a trend towards significantly lower PA following
12months (t=1.60, p=0.11).
Cross-sectional analyses
Table 3 describes cross-sectional models estimating the
interaction between eating traits and PA on weight.
Table 1 Baseline means (standard deviations) or percentages for completers and non-completers
Variable
All participants
(N = 430)
Complete-data cohort
(N = 270)
Partial-data cohort
(N = 160) p-Value
Age 27.66 (3.78) 27.86 (3.69) 27.33 (3.91) 0.16
Weight (kg) 75.07 (13.96) 75.54 (14.04) 74.28 (13.84) 0.37
BMI (kg/m2) 25.39 (3.83) 25.40 (3.90) 25.36 (3.71) 0.90
Sex
Female 50.70% 48.90% 53.80% 0.33
Race
White 66.50% 66.30% 66.90% 0.04
African American 12.60% 10.00% 16.90%
Other 20.90% 23.70% 16.30%
Education
University diploma or higher 16.00% 17.80% 13.10% 0.12
Less than university Diploma 84.00% 82.20% 86.60%
Income
Unknown 0.50% 0.70% 0.00% 0.80
<$20,000 16.50% 16.30% 16.90 %
$20,000–$39,999 34.90% 35.90% 33.10%
$40,000–$59,000 20.00% 19.30% 21.30%
$60,000–$79,000 12.30% 13.00% 11.30%
>$80,000 15.80% 14.80% 17.50%
Three-Factor Eating Questionnaire
Cognitive restraint 10.30 (4.90) 10.43 (4.78) 10.09 (5.10) 0.48
Disinhibition 5.11 (2.89) 4.94 (2.81) 5.41 (3.00) 0.10
Hunger 5.07 (3.16) 4.79 (3.05) 5.53 (3.28) 0.02
Physical activity (min/day) 135.71 (77.28) 131.50 (78.09) 142.87 (75.59) 0.14
Bold indicates significance at p< 0.05.
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Across all three models, higher PA was associated with
lower weight (CR: B=0.087, p< 0.01; DI: B=0.083,
p< 0.01; HU: B=0.089, p< 0.001). For the CR model,
higher CR was associated with higher weight at baseline
(B=0.406, p<0.01); however, PA did not moderate the
association between CR and weight.
For the DI model, higher DI was associated with higher
weight at baseline (B=0.998, p< 0.01), and PA moder-
ated the association between DI and weight (B=0.007,
p=0.03). Simple slope analyses revealed that higher
baseline DI was associated with higher weight when PA
levels were low (B=1.531, 95% CI[0.906, 2.155],
p< 0.01) but not when PA levels were high (B=0.466,
95% CI[0.267, 1.199], p=0.21). This interaction is
displayed in Figure 1, which shows that PA attenuates
the association between DI and higher baseline weight.
Specifically, participants with DI 1 SD above the mean
and PA 1 SD below the mean had higher predicted weight
(86.03 kg; SE=1.20); however, participants with DI 1 SD
above the mean and PA 1 SD above the mean had lower
predicted weight (70.01 kg; SE=1.58). Finally, HU was
not associated with baseline weight; however, there was
a marginally significant moderation effect of PA on the
relationship of HU and weight such that greater PA
attenuated the association between HU and weight
(B=0.005, p=0.07).
Longitudinal analyses
Table 4 describes the longitudinal models estimating the
interaction of Δeating traits ×PA slope on weight change.
Across all three models, increases in PA were associated
with better maintenance in weight over the 12-month
observational period (CR: B=0.027, p< 0.01; DI:
B=0.023, p<0.01; HU: B=0.026, p< 0.01). The
model investigating the interaction of ΔCR×PA slope on
weight change found PA slope moderated the relationship
between ΔCR and weight slope (B=0.004, p< 0.01). Sim-
ple slope analyses revealed that increased CR was asso-
ciated with weight maintenance (i.e. preventing weight
gain >2 kg per year) when PA levels also increased
(B=0.055, 95% CI[0.108, 0.003], p=0.04) but not
when PA levels decreased (B=0.04, 95% CI[0.013,
0.095], p=0.14). This interaction effect is illustrated in
Figure 2, which shows that the effects of increased CR
on weight maintenance were strongest for those individ-
uals who concomitantly increased PA. Specifically, individ-
uals who increased 1 SD above mean PA change and
increased 1 SD above mean CR change had predicted
weight maintenance (0.65kg; SE=0.50kg); however, for
individuals who decreased 1 SD below mean PA change
and increased 1 SD above mean CR change, there was a
predicted increase in weight (3.09 kg; SE=0.50kg).Ta
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Table 4 Estimates for longitudinal models on the interaction between Δeating traits × PA slope on weight slope
Independent variable
Changes in eating traits over 12months
Cognitive restraint Disinhibition Hunger
Estimate S.E. Pr |t|< Estimate S.E. Pr |t|< Estimate S.E. Pr |t|<
Model for PA
Intercept 0.513 0.308 0.10 0.572 0.307 0.06 0.460 0.307 0.14
Physical activity slope (min/day) 0.027 0.006 <0.01 0.023 0.006 <0.01 0.026 0.006 <0.01
ΔEating trait** 0.007 0.019 0.70 0.071 0.032 0.03 0.030 0.028 0.28
Interaction of δeating trait × physical
activity slope
0.004 0.002 0.01 0.004 0.003 0.15 0.002 0.003 0.55
Covariates included: sex, race, education, income, baseline physical activity, baseline weight and baseline eating trait score.
**Baseline – 12months.
Table 3 Estimates for cross-sectional models on the interaction between eating traits and MVPA on weight
Independent variable
Eating trait
Cognitive restraint Disinhibition Hunger
Estimate S.E. Pr |t|< Estimate S.E. Pr |t|< Estimate S.E. Pr |t|<
Intercept 70.558 3.450 <0.01 67.846 3.352 <0.01 69.518 3.470 <0.01
Physical activity (min/day) 0.087 0.009 <0.01 0.083 0.009 <0.01 0.089 0.009 <0.01
Eating trait 0.406 0.143 <0.01 0.998 0.241 <0.01 0.230 0.222 0.30
Interaction of eating trait × physical
activity
0.002 0.002 0.31 0.007 0.003 0.03 0.005 0.003 0.07
Covariates included: sex, race, education and income.
Bold indicates significance at p< 0.05.
Figure 1 Graphical display of the interaction between disinhibition (DI) and physical activity (PA) on baseline weight. Predicted baseline weight
for participants with PA and disinhibition (DI) above/below 1 SD of mean. Error bars represent standard error. Predicted weight calculated using
beta estimates from cross-sectional model.
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For the model examining the interaction of ΔDI ×PA
slope on weight change, decreased DI (B=0.071,
p=0.03) was associated with decreased weight slope;
however, PA slope did not moderate the relationship
between ΔDI and weight change. The model investigating
the interaction of ΔHU×PA slope on weight change
found no interaction between ΔHU and PA slope.
Discussion
These findings indicate that eating traits – specifically CR
and DI – are associated with weight and weight change,
and PA moderates the relationships between eating traits
and weight. However, the relationships between eating
traits, PA and weight appear to be complex and dynamic.
The cross-sectional analyses indicate that lower levels of
CR and higher levels of DI are associated with higher
weight, but the relationship of DI with weight is attenuated
by engaging in high levels of PA. Longitudinal analyses
indicate that PA amplifies the association of CR with
weight change; increases in CR and concomitant
increases in PA are associated with better weight mainte-
nance, and decreases in CR and simultaneous decreases
in PA are associated with weight gain. In addition,
increases in PA and decreases in DI are both associated
with weight loss over time, but are independently associ-
ated with weight change.
To date, there is limited evidence on whether eating
traits and PA might have synergistic effects on weight.
Moreover, much of the current literature is composed of
either (i) subjectively measured PA data (16,17) or (ii) exer-
cise interventions where exercise dose was controlled,
and thus PA was not an outcome of interest (28,29). The
current study’s use of objective methods to track
changes in body mass and PA, as well as the inclusion
of cross-sectional and longitudinal analyses, has helped
fill the current literature gap by providing the most
complete description of physiological, behavioural and
eating trait changes to date.
While this paper adds to the substantial body of
evidence detailing the relationship of eating traits with
weight change (30,31), it is still unclear how CR, DI and
HU affect weight. For instance, recent research
paradoxically suggests that dieting significantly predicts
future weight gain while CR does not (30). One plausible
explanation for this is CR represents a more effective
means of preventing weight gain because dieting strate-
gies are often short-lived attempts to prevent future
weight gain (10,11). While results on the effectiveness of
CR as a predictor of weight maintenance are inconclusive
(32–34), the results suggest that PA has a complex and
dynamic role in moderating the relationship between CR
and weight. Specifically, the cross-sectional analysis
suggests that CR is associated with increased weight,
but greater PA may attenuate this relationship. In
addition, increased CR over time by itself does not
significantly impact weight gain, but increasing PA may
amplify the impact of CR on weight over time.
A number of studies have also investigated the associ-
ation of DI with weight loss; however, the effect of DI on
weight loss is still unclear (7). Further complicating the
matter, it is unclear how the relationship of DI and weight
is affected by PA. Some evidence suggests that women
with high DI who exercise respond with increased energy
intake (28,29); however, few studies have examined this
phenomena. Strong evidence also suggests that increas-
ing PA has the potential to improve appetite control by (i)
improving the sensitivity of the physiological satiety
Figure 2 Graphical display of the interaction between changes in cognitive restraint (CR) and changes in physical activity (ΔPA) on weight
change over 12months. Predicted 12-month weight change (12months – baseline) for participants with PA and CR changes above/below 1
SD of mean change. Error bars represent standard error. Predicted weight change calculated using beta estimates from longitudinal model.
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signalling system; (ii) adjusting macronutrient preferences
and (iii) altering the hedonic response to food (21). As
such, PA may aid in weight control by improving the
matching of food intake to energy expenditure (22).
Some studies also suggest that PA has a positive
influence on high DI score. For example, an acute bout
of exercise decreases the motivation to eat and increases
preference for low fat foods (35,36). These findings
support both independent and interactive effects,
depending on the type of analysis in question. Specifi-
cally, the cross-sectional results indicate that PA attenu-
ates the association of DI on weight; however, the
longitudinal data suggests that DI and PA are indepen-
dently associated with weight change. Therefore, the
evidence suggests that both PA and DI are related to
weight management, but PA may have modest impact
on the relationship of DI with weight change.
There is some evidence to suggest that HU is associ-
ated with weight change – although PA may not affect
this relationship. Weight loss intervention studies have
shown that losing weight is related to decreases in HU
scores (37,38). However, exercise does not significantly
alter HU scores, regardless of exercise dose (39). These
results further suggest that HU scores are not strongly
associated with weight or weight change, and PA does
not appear to moderate this relationship.
Collectively, these results suggest that eating traits and
PA are dynamically related to weight and weight mainte-
nance. Nothing more can be achieved by an observa-
tional design, and thus this is the maximum which can
be deduced about a complex situation. The way to untan-
gle these interactions would be a research design in
which an identical PA intervention was made in groups
of individuals characterized by high, medium or low levels
of the traits. There is an urgent need for such a project in
order to determine those individuals in whom PA can
bring about optimal control of eating (21).
While these results suggest a dynamic relationship of
eating traits and PA with weight and weight maintenance,
there are several limitations to this study. Importantly,
while the present study used a rigorous measure of PA
(i.e. the SenseWear Armband) (25), the study population
was highly active engaging in an average of 131.50min/
day of PA at baseline. Given that the general population
is less active (40), future research should investigate the
relationship of eating traits and PA with weight mainte-
nance among individuals with lower PA.
Other limitations to the study bear mentioning. Eating
traits were measured at baseline and 12-month follow-
up, and therefore this study is unable to determine how
eating traits change over shorter periods of time, or
whether early changes in eating traits predict later
changes in weight or energy-balance behaviours. The
analyses presented did not adjust eating trait scores
based on body composition or weight (27); however,
when these analyses were performed, there were not
any important differences in outcomes, and thus a more
parsimonious model is presented. Finally, energy intake
data is not included within the analyses because previous
research shows that underreporting of dietary intake is a
common phenomenon which often makes the values
reported biologically implausible (18).
Conclusion
The results highlight the association of eating traits –
most importantly CR and DI – with weight and weight
change, and illustrate the dynamic and complex relation-
ships between eating traits, PA and weight. Importantly,
the results from the cross-sectional analyses differed
from those of the longitudinal analyses in important ways;
therefore, it is unclear whether the results of cross-
sectional studies extend to longitudinal analysis of
change. As such, increases in PA may improve weight
maintenance among those who increase CR over time;
however, it may also amplify weight gain among individ-
uals who decrease their CR. Furthermore, improved DI
and increased PA are independently associated with
weight loss over time, but do not interact with one
another. The results suggest that optimal weight loss
interventions should be designed to concomitantly
improve eating traits and PA.
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